The current study utilized a within-subject, experience sampling methodology (ESM) 
Inrecentyears,amajorfocusofresearchonpersonality
and health has been on the relationship between neuroticism (N) and other anxiety-related dispositions (e.g., trait anxiety, trait negative affectivity [NA] ) and both self-assessed and objective health. Initial reports on these relationships (e.g., Costa & McCrae, 1987; Watson & Pennebaker, 1989) noted that N may bear a stronger relationship to perceptions of health status than to actual health status. One consequence of this suggestion, however, has been a shift toward conceptualizing N as a "confound" in health research and controlling for it statistically. Certainly, in some instances, controlling for the effects of N is warranted. However, further research is still needed to fully understand the mechanisms by which N is related to both objective and subjective health.
A second consequence of previous research on the relation between N and symptom reports has been a tendency to dismiss the utility of self-report measures of health. Whereas the accuracy of self-report measures of health status compared to "objective" (e.g., immune functioning) measures warrants evaluation, one can argue that self-report measures are important in their own right, regardless of their veridicality. After all, when we make important self-care decisions (e.g., when to take medication, when to go to a physician, when to stay home from work) we use our subjective impression of our health and rarely do we check it against an objective measure. Moreover, the manner in which we describe our health to practitioners affects diagnosis and treat-ment decision making (Ellington & Wiebe, 1999) . Thus, there are compelling reasons to more closely examine the mechanisms by which individual difference factors, such as N, are related to both subjective health judgments and to underlying pathophysiology.
The Symptom Perception Hypothesis
A prevailing hypothesis for the N-symptom reporting relationship is the "symptom perception" hypothesis (Watson & Pennebaker, 1989) . Central to this hypothesis is the notion that individuals high in N are more likely to perceive, overreact to, and/or complain about minor physical problems and sensations. Individuals high in N are thought to engage in vigilant scanning of their environment (internal and external) for signs of impending threat. The symptom perception hypothesis suggests that bodily changes/symptoms are logical targets for this form of anxious apprehension. The symptom perception hypothesis has been interpreted in a variety of ways in the previous empirical literature. Central to most examinations of the symptom perception hypothesis are the associations among N, state mood, and symptom reports. Most commonly, the symptom perception hypothesis is thought to suggest that either (a) enhanced negative mood states are the mechanism by which N is related to higher symptom reports (i.e., mediation; see Figure 1a ) or (b) the strength of the relation between mood states and symptoms is greater for high-N individuals (i.e., moderation; see Figure 1c ).
In addition, one interpretation of the symptom perception hypothesis is that shifts in bodily states should be more strongly linked to symptom reports for high-N versus low-N individuals (i.e., high-N individuals are more sensitive to bodily changes). What is less clear is the extent to which high-N individuals are inaccurate in their perceptions; that is, are high-N individuals overreactive to actual physical changes, accurate perceivers of physical changes that low-N individuals overlook, or are their symptom reports largely independent of actual somatic processes? The current study was designed to explicitly test the predictions of the symptom perception hypothesis by examining symptom reports, mood states, and objective physical indicators using an experience sampling methodology in individuals with type 2 diabetes, a chronic illness characterized by fluctuating physical symptoms.
The current study sought to answer the following questions: (a) Is N related to concurrent, disease-specific symptom reports? (b) Are negative mood states (i.e., high NA, low positive affect [PA] ) and symptom reports more strongly related for high-N versus low-N individuals ( Figure 1c) ? (c) Do negative mood states mediate the relationship between N and symptom reports ( Figure  1a ) or do symptom reports mediate the relationship between N and mood ( Figure 1b) ? (d) Is the relation between objective indicators of somatic processes (in this case, BG) and symptom reports stronger for high-N individuals? and (e) Is N related to systematic biases in the accuracy of perceiving physical changes (e.g., estimation of BG compared to actual BG)? An additional goal was to examine these questions with both aggregated and nonaggregated within-subject data to illustrate the differences in findings between these two strategies. Prior research relevant to these questions is summarized below.
N and Concurrent Versus Retrospective Symptom Reports
Central to the symptom perception hypothesis is that N affects the attention to and interpretation of bodily sensations as they occur (i.e., encoding). Although there is ample evidence that high-N individuals recall experiencing more symptoms than low-N individuals (Costa & McCrae, 1987; Larsen, 1992; Watson & Pennebaker, 1989; Williams & Wiebe, 2000) , less is known about the relation between N and concurrent symptoms. The previous literature presents mixed findings regarding the strength of relation between N and concurrent symptoms (Brown & Moskowitz, 1997; Cohen et al., 1995; Feldman, Cohen, Doyle, Skoner, & Gwaltney, 1999; Larsen, 1992) . It should be noted that these studies vary PERSONALITY AND SOCIAL PSYCHOLOGY BULLETIN along several dimensions that may help to explain the equivocal findings, including the target population, the approach to measurement, the data reduction strategy, and data analysis.
N, Mood, and Symptom Reports
One key aspect of the symptom perception hypothesis is that the negative mood states associated with N affect the perception and/or reporting of physical symptoms. As with the direct relationship between N and symptoms, there has been considerably more investigation of the association between N, negative mood states, and retrospective symptom reports. There is evidence to suggest that (a) N is related to higher levels of negative mood states (Meyer & Shack, 1989; Suls, Green, & Hillis, 1998; Watson & Tellegen, 1985; Williams, Surwit, Babyak, & McCaskill, 1998) and (b) negative mood states, in turn, are related to poorer perceived health (Brown & Moskowitz, 1997; Cohen et al., 1995; Croyle & Uretsky, 1987; Larsen & Kasimatis, 1991; Leventhal, Hansell, Diefenbach, Leventhal, & Glass, 1996; Salovey & Birnbaum, 1989; Watson, 1988) . Although state NA has been found to partially mediate the relationship between N and retrospective symptom reports (Williams & Wiebe, 2000) , a mood effect on symptom recall does not necessarily mean that a negative mood state was associated with symptoms at encoding (see Blaney, 1986) .
Previous research that has explicitly tested moderation also has been limited and equivocal with some studies finding evidence for a stronger negative mood-symptom relation among high N individuals (Watson, 1988) , some finding a weaker mood-symptom relation in highversus low-N individuals (Affleck, Tennen, Urrows, & Higgins, 1992) , and some finding no evidence of moderation (Brown & Moskowitz, 1997; Cohen et al., 1995; Larsen & Kasimatis, 1991) . As noted above, conflicting findings may be attributed, in part, to the use of varying approaches to data collection, reduction, and/or analysis. In addition, previous studies have differed in their use of disease-specific versus general symptoms and utilized populations with varying degrees and types of symptoms (i.e., healthy vs. acutely ill vs. chronically ill participants). Thus, it is difficult to make firm conclusions about moderating effects. Moreover, because most of the previous studies used either aggregated or baseline mood data or utilized a recall measure (e.g., end-ofday rating) it can be argued that neither the mediating nor moderating hypotheses regarding truly concurrent relations among N, mood states, and symptoms has been tested explicitly.
Previous conceptualizations of the role of mood in the relation between N and symptoms have focused exclusively on symptom reports as the outcome measure. Alternatively, however, symptoms may influence negative mood states. That is, negative mood states among high-N individuals may lead to enhanced symptom reports or the perception of symptoms may increase negative mood states. Thus, it may be fruitful to examine state mood as the outcome in statistical models (Figure 1b) .
N and Sensitivity to Physical Changes
The symptom perception hypothesis is also typically construed to suggest that high-N individuals have heightened sensitivity to actual physical sensations; that is, it is proposed that high-N individuals are responding to some type of physical sensation (which may or may not be benign) as opposed to confabulating symptom reports. This assumption implies that N should be related to disease-specific symptoms in the context of the underlying physical pathology (as opposed to symptoms that are not related to concurrent pathology).
Several studies have now confirmed that N (or trait anxiety) is related to specific symptoms consistent with underlying physical states (Cameron, Leventhal, & Love, 1998; Cohen et al., 1995; however, see Diefenbach, Leventhal, Leventhal, & Patrick-Miller, 1996 , for evidence to the contrary). However, there is also evidence that high-N individuals are prone to misattribute unrelated symptoms to disease-or medication-specific processes (Cameron et al., 1998; Wiebe, Alderfer, Palmer, Lindsay, & Jarrett, 1994) . On the other hand, several studies have found that N is related to symptom reports in the absence of objective signs of disease Feldman et al., 1999; Shekelle, Vernon, & Ostfeld, 1991) . Recently, Rabin, Ward, Leventhal, and Schmitz (2001) reported data suggesting that N is more strongly related to vague (i.e., subjective) versus concrete (i.e., observable) symptoms, a finding that may help to reconcile the discrepancies in previous studies.
In sum, previous research examining the relation between N and specific symptoms related to underlying pathophysiological processes suggests that high-N individuals tend to report more symptoms regardless of the degree of underlying somatic changes. However, the preponderance of evidence suggests that high-N individuals do not confabulate symptoms but are either more sensitive to bodily changes, more apt to attribute perceived changes to pathology, or more prone to experience vague physical symptoms (perhaps due to enhanced endocrine activity ).
The Current Study
The current study was designed to examine the basic assumptions of the symptom perception hypothesis with a methodology and data analytic strategy that addresses some of the limitations of previous research. Specifically, a within-subject, experience sampling methodology (ESM; Csikszentmihalyi & Larsen, 1987) was utilized. Methodologies of this general form (aka ecological momentary assessment [EMA; Stone & Shiffman, 1994] ) offer the advantage of excellent ecological validity, minimize biases in reporting inherent in retrospective assessment of key variables, and are optimal for exploring hypotheses that imply a time-specific relationship (Affleck, Tennen, Zautra, & Armeli, 1999; Shiffman & Stone, 1998) , such as the proposed relationships among N, mood, and symptoms. In addition, the current study utilized a multilevel modeling approach to data analysis (described in the Results section), which offers the advantage of estimating both between-subject (in this case, N) and within-subject (e.g., mood, symptoms) influences, as well as their interactions.
The current study utilized a sample of individuals with type 2 diabetes, a relatively common chronic illness characterized by an impaired insulin secretory response to glucose and/or decreased insulin effectiveness (i.e., insulin resistance). Individuals with diabetes are an excellent population in which to examine mechanisms for the N-symptom reporting relationship for several reasons. First, patients with diabetes routinely experience fluctuating symptoms due to shifts in their blood glucose (BG) (e.g., Gonder-Frederick, Cox, Bobbitt, & Pennebaker, 1986) . In addition, both symptoms and judgments regarding BG levels can be compared against an objective indicator of BG level (tested via a glucometer). Moreover, in using individuals with diabetes, the assumption can be made that one is sampling from the normal distribution of personality (Deary, Clyde, & Frier, 1997) . Last, individuals with diabetes typically have some familiarity with self-monitoring procedures. This is important because one criticism of ESM methodologies is that the data may be biased either because the act of self-monitoring itself alters participant's responses or that some participants may be unable (or unwilling) to comply with the demands of the procedure.
Finally, the current study examines both state NA and PA. Considerably less is known about the relation between PA and concurrent symptoms. Whereas relations between trait PA and single assessments of symptoms are typically nonsignificant (Watson & Pennebaker, 1989) , Watson (1988) reported that PA and symptom complaints were negatively related in a repeated measures within-subject design. Moreover, high trait NA individuals evidenced stronger mean PAphysical symptom correlations, suggesting that N may moderate the relation between PA and symptoms. Therefore, the current study included state PA assessments and examined the role of PA in the N-symptom reporting relationship.
METHOD

Participants
Participants were 53 men and 41 women with type 2 diabetes who were recruited via physician referral and community advertising for an intervention study (stress management vs. diabetes education). Participants were excluded from participation if they were using insulin, were receiving treatment for psychiatric disorders, or were taking psychoactive drugs. All data reported in the current study were collected prior to random assignment to treatment groups.
Age of participants ranged from 31 to 82 years (M = 56.9, SD = 10.8 years). The ethnic composition of the sample was 87% Caucasian, 12% African American, and 1% Asian. The duration of diabetes ranged from 1 to 40 years (M = 5.0, SD = 6.3 years). The majority of participants (73%) were receiving medication for the treatment of their diabetes (44.3% sulfonylureas, 8.8% metformin, 0.9% precose, and 18.6% a combination of two or more drugs). The remainder (27%) were not.
Procedure
All participants completed personality measures in an individual clinic appointment, at which time they were also assessed on a variety of clinical variables (e.g., glycated hemoglobin, 3-hour oral glucose tolerance test). Participants were given instructions for the selfmonitoring procedure and instructed in the use of a glucometer provided to them for study participation. In an effort to maximize compliance, the importance of completing the measures as instructed and in the order presented was emphasized (particularly with respect to providing estimates of BG prior to testing). Participants also were informed that the times and values of glucose testing recorded on monitoring sheets would be confirmed against the times and values stored in their glucometer. Participants were provided with the phone numbers of project staff in case of problems or questions about the procedure.
Independent Variables
Neuroticism. Participants completed the Neuroticism scale of the NEO-PI-R (Costa & McCrae, 1992) . The N scale contains 48 items answered on a 5-point Likert scale. The scale has well-established validity and high internal consistency (coefficient alpha for N = .92; Costa & McCrae, 1992) and retest reliability coefficients have ranged from .68 to .87 over 3-month to 6-year periods (Costa & McCrae, 1988; McCrae & Costa, 1983) .
Repeated Measures
The following measures were completed four times a day for 7 days. Participants were instructed to complete the measures prior to each meal and at bedtime. This sampling strategy was utilized to link assessments to naturally occurring daily events (i.e., "event-contingent" sampling; Affleck et al., 1999) as well as to provide optimal measures of BG. Moreover, taking a BG sample before meals is often a routine part of diabetes self-care.
State affect. Participants completed the Positive and Negative Affect Schedule (PANAS; Watson, Clark, & Tellegen, 1988) . The PANAS consists of 20 items (10 each for NA and PA) rated on a 5-point Likert scale, with higher scores indicating higher levels of NA and PA. These scales have been found to be internally consistent and to have excellent convergent and discriminant correlations with lengthier measures of the underlying mood factors . The PANAS was worded to assess current affect (i.e., "How are you feeling right now?").
Diabetes-related symptoms. Participants rated the degree to which they were experiencing each of 18 symptoms (e.g., "thirst," "dry eyes/nose") that often vary with BG fluctuations (Wiebe, Alderfer, Palmer, Lindsay, & Jarrett, 1994) . These symptoms were rated on a scale from 1 (not feeling it at all) to 5 (feeling it a lot). Consistent with previous research (Brown & Moskowitz, 1997; Cohen et al., 1995) , symptom frequency (i.e., number of symptoms as opposed to severity of symptoms) scores were utilized. Symptoms rated as "1" were recoded as "0" [did not occur], symptoms rated "2" or greater were recoded as "1" [did occur]. Cronbach's alpha for the 18 items (aggregated across the 7 days) was .91 in the current sample.
Mood-blood sugar rating. Participants answered the following item: "Do you think your current emotions are related to your current blood sugar level?" on 5-point Likert-type scale ranging from unrelated to strongly related.
Blood glucose estimate. Participants estimated their current BG by recording a number.
Actual blood glucose. Following completion of the selfreport ratings, participants tested their blood sugar using a Lifescan One-Touch II glucometer (Lifescan, Inc., Milpitas, CA). Participants recorded their glucometer reading and the day and time on the monitoring sheets. Time and values for glucose readings also were stored in the glucometer. After completing the monitoring week, each participant's glucometer data were downloaded directly onto a computer. For aggregated data analyses reported below, the mean BG values were calculated from data obtained directly from the glucometers; for nonaggregated analyses, BG values were obtained from monitoring sheets to ensure correspondence with the other monitoring measures.
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RESULTS
Data analysis to examine relations among N, state affect, BG, and symptoms was completed with both aggregated (i.e., collapsed across 7 days of monitoring) and nonaggregated data (multilevel modeling).
Aggregated Data
Descriptive and correlational analyses. Means, standard deviations, and zero-order correlations between N and aggregated state NA, PA, BG, ratings of perceived relations between emotions and BG, and symptoms are shown in Table 1 . Neuroticism was significantly related to mean state NA during the monitoring week and marginally related to symptom frequency. Also, high-N individuals tended to believe their emotions and BG were related. Mean state NA and symptoms were strongly related. Only state PA was related to BG: Higher BG was related to higher state PA over the course of the monitoring week.
Post hoc correlational analyses. Because N was marginally related to the mean symptom frequency score (aggregated over 18 symptoms), correlations were calculated between N and individual symptoms. Results of these analyses indicated that N was significantly related to the symptoms "weak," r = .28, p < .01, and "shaky," r = .22, p < .05, and marginally related to the symptom "trouble talking," r = .19, p < .10.
Regression analyses. Regression analyses were conducted to examine moderational and mediational questions regarding N and the aggregated within-subject variables. All variables were centered to minimize multicollinearity and standardized. To probe significant interactions, regression equations were restructured so that the slope of the IV (e.g., state NA) was conditioned on high and low values of N (i.e., 1 standard deviation above and below the sample mean), as recommended by Aiken and West (1991) .
To examine the moderational effect of N on the relationship between state affect and symptoms (Figure 1c ), a regression model was examined with N, aggregated NA and PA, and the N × NA and N × PA interactions terms as predictors of aggregated symptom frequency. There was a significant N × NA interaction, β = -.19, p < .05, such that the relation between NA and symptoms was stronger among low-N individuals, β = .94, p < .0001, than among high-N individuals, β = .57, p < .0001. There was also a significant N × PA interaction, such that the relation between PA and symptoms was significant for high-N, β = -.38, p < .0001, but not low-N individuals, β = .00, p > .10. Thus, higher symptom reports were associated with low PA for individuals high in N.
To examine whether NA mediates the relation between N and symptoms (Figure 1a) , separate regression models (as suggested by Baron & Kenny, 1986; Holmbeck, 1997) were run indicating that (a) N was marginally related to symptom frequency, β = .16, p = .08; (b) N was marginally related to state NA, β = .13, p = .07; (c) NA was significantly related to symptom frequency, β = .29, p < .00001; and (d) when N and NA were in the same model predicting symptoms, the effect of N dropped to nonsignificant levels, β = .12, p > .10, whereas the relation between NA and symptoms remained significant, β = .30, p < .0001. Thus, there was evidence of mediation, but the effects were relatively weak. Because the zero-order correlations indicated that the relation between N and aggregated PA was nonsignificant, PA was not examined as a mediator.
In a separate regression model, the moderating effect of N on the relation between aggregated BG levels and symptoms was examined. This model included N, aggregated BG, N × BG, as well as the quadratic BG term (BG × BG, N × BG × BG). The quadratic term was included because both high and low BG may be related to symptoms (i.e., there may be a curvilinear relation between BG and symptoms). In this model, N did not moderate BG effects, -.09 < βs < -.01, ps > .10, and aggregated BG was not significantly related to average symptom reports, β = -.11, p > .10.
Finally, to examine N effects on mean accuracy of BG estimates (i.e., estimated BG minus actual BG), a regression model with N, NA, PA and N × NA, and N × PA interactions as predictors was run. None of the first-order effects were significant, and neither was the N × NA interaction, -.03 < β < .15, ps > .10. There was a significant N × PA interaction, β = .22, p < .05. Examination of simple slopes indicated a cross-over interaction, such that the PA-accuracy was nonsignificant (but in the opposite direction) for both high-N and low-N group individuals.
Multilevel Modeling
Multilevel regression analyses were conducted to examine moderational and mediational questions regarding N and the time-specific relationships between the repeated measures (i.e., symptoms, mood, BG). This type of analyses is well suited for the current study because it takes into account the nested structure of the data (repeated measures nested within subjects) and it allows inclusion of cases with missing data on the repeated measures (see Bryk & Raudenbush, 1992; Hedeker & Mermelstein, 1996) . Thus, all participants were included, regardless of the degree of missing data. Overall, the amount of missing monitoring data was relatively low. For each monitoring variable there were 2,660 possible assessments (i.e., four times/day × 7 days × 95 participants). Total observed assessments were 2,487 for symptom frequency (7% missing), 2,483 for NA and PA (7% missing), 2,450 for estimated BG (8% missing), and 2,470 for actual BG (7% missing).
The data were structured such that four daily reports (level 1 variables) were nested within days (level 2) and days were nested within participants (level 3). Thus, three-level models were estimated using Proc Mixed in SAS version 6.12 (Littell, Milliken, Stroup, & Wolfinger, 1996) . Models were tested examining mood and BG effects on symptom reports as well as the effect of symptom reports on mood.
The multilevel regression analysis for each DV followed several steps. First, nested comparisons of threelevel models without IVs (intercept only models) were used to determine the number of random variance components and the appropriate error structure 2 for each outcome. Second, repeated measure IVs were introduced into the model and where possible these were modeled as random effects. Neuroticism and interactions between N and repeated measure IVs were then included in the model. Time of assessment (a categorical variable) also was included as a control variable. All variables were centered at the grand mean to minimize multicollinearity and standardized by dividing by the sample SD.
Predicting symptom reports. To examine the moderating role of N on the relation between state mood and symptoms (Figure 1c ), regression models with state NA and PA and N, and the interaction between N and NA and between N and PA, were tested. As presented in Table 2 , there was a significant first-order effect of NA on symptom reports; however, N did not moderate this relation. There was evidence that N moderated the relationship between PA and symptom reports. Simple slope analysis suggested that PA was significantly associated with symptom reports at high, β = -.20, p < .01, and moderate levels of N, β = -.13, p < .01, and unrelated to symptom reports at low levels of N, β = -.08, p = .10. Thus, low levels of PA were associated with high levels of symptom reports, but this was only true at high and moderate levels of N.
We also evaluated the potential mediational role of state affect on the relationship between N and symptom reports ( Figure 1a) . A separate regression model that included only N as a predictor suggested that N marginally predicted symptom reports, β = .16, p = .07, and NA ratings, β = .13, p = .07. When both N and NA were included in the model, NA significantly predicted symptom reports, β = .33, p < .01, as did N, β = .16, p < .05. This pattern of findings suggests that NA did not mediate the effects of N on symptom reports (i.e., the regression coefficient did not change when NA was in the model). Mediational analyses with PA as a mediator were not conducted because N was unrelated to PA, β = .02, p = .86.
Blood glucose also was examined as a predictor of symptom reports, and we examined the moderating role of N on the relationship between BG and symptom reports. Symptom reports were regressed on BG, the quadratic BG term, and the N × BG interaction terms. In this model, N did not moderate the first-order or quadratic effect of BG. Moreover, neither BG term was related to symptom reports, even when interactions with N were trimmed out of the model.
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Predicting NA. It is possible that symptoms predict NA and that N moderates this relationship. These relations were examined by regressing NA on symptom reports, N, and the Symptom Report × N interaction term. In this model, symptoms were positively related to NA, β = .46, p < .05; however, the N × Symptom interaction term was nonsignificant, indicating that N did not moderate this relationship.
The link between BG and NA, and the potential moderating effect of N on this relationship, also was considered. In this model, N did not moderate the relationship between BG and NA (p > .10). However, the quadratic effect of BG significantly predicted NA, β = .05, p < .05. A plot of this curvilinear effect indicated that higher NA is associated with both low and high BG.
The potential mediational role of symptom reports for the relationship between N and NA also was examined ( Figure 1b) . As previously reported, N was marginally associated with NA, β = .13, p = .07, and with symptom reports, β = .16, p = .07. When NA was regressed on both symptoms and N, symptoms significantly predicted NA, β = .46, p < .01, and N no longer significantly predicted NA, β = .05, p = .29. Thus, there was some evidence to support this model. However, the marginal direct effect of N on NA and the marginal effect of N on symptoms suggests that this is not a strong indirect path.
Predicting PA. It is possible that symptoms also predict PA and that N moderates this relationship. This was examined by regressing PA on symptom reports, N, and the Symptom × N interaction term. In this model, symptoms were negatively related to PA, β = -.17, p < .05; however, N did not moderate this relationship (p > .10). Symptoms could not be considered a mediator of the relationship between N and PA because, as previously described, N was unrelated to PA.
The link between BG and PA, and the potential moderating effect of N on this relationship, also was considered. The regression model included time of assessment, BG, the quadratic effect of BG, N, and BG × N interaction terms as predictors of PA. In this model, N did not moderate the relationship between BG and PA, and neither the first-order nor the quadratic effect of BG on PA was significant. Thus, BG was unrelated to PA in a multilevel model.
Predicting accuracy of BG estimates.
The effect of PA and NA on accuracy of BG estimates, and the potential moderating role of N on these relationships, also were examined. Multilevel models included NA, PA, and N and their interactions (N × NA, N × PA) as predictors of BG accuracy. In this model, neither PA, NA, nor their interactions with N were related to accuracy of BG estimates. When the nonsignificant interaction terms were trimmed out of the model, N significantly predicted accuracy, β = .07, p < .05, such that high levels of N were associated with overestimation of BG levels.
DISCUSSION
The current study sought to examine pertinent questions regarding the relation between N and symptom reports. These questions are considered in turn.
Is N Related to Concurrent, Disease-Specific Symptoms?
Results of the current study suggest that N is weakly, although reliably, associated with concurrent, diseasespecific (in this case, diabetes-related) physical symp- toms. It should be noted, however, that this was an extremely conservative test of this relation both because of the approach to data analysis and because levels of symptoms at any given time, even among patients with diabetes, is typically quite low. Post hoc examination of relations with individual symptoms indicated that N was most strongly related to the symptoms "weak" and "shaky." One interpretation is that those symptoms are relatively more vague and disease-nonspecific, compared to other symptoms that are more obviously disease-specific (e.g., "sweet taste in mouth," "dry eyes"). Cohen et al. (1995) noted that high-N individuals may tend to label benign sensations as symptoms related to disease. Consistent with this notion, Wiebe et al. (1994) compared symptoms participants believed were related to BG against those that actually co-occurred with BG in a sample of adolescents with type 1 diabetes. Participants high in trait anxiety were more likely to misattribute symptoms to BG that were in fact unrelated, compared to their low trait anxious counterparts.
Does N Moderate the Relation Between Mood and Symptoms?
Consistent with prior research, the current study found strong relations between state NA and symptom reports. Although analyses of the aggregated data indicated that NA and symptoms were more strongly related for low-N versus high-N individuals, this effect was nonsignificant in multilevel modeling analysis of timespecific relations between NA and symptoms. Thus, based on the current data, it must be concluded that whereas state NA is consistently related to symptom reports, the strength of this relation is not influenced by N.
No previous research has directly examined the moderating effects of N on the relation between PA and symptoms. Results of the current study suggest that low PA is more strongly related to symptoms among high-N individuals. This was evident in analysis of both aggregated and time-specific relations between PA and symptoms. Prior research has suggested that low PA (in combination with high NA) is central to depressive affect (Clark & Watson, 1991) . Depressive symptoms bear a consistent relation to physical symptom reports (Aneshensel, Frerichs, & Huba, 1984; Williams, Colder, Richards, & Scalzo, in press ). Thus, data from the current study suggest that symptom reports may be more strongly related to depressive affect in high-N individuals. One possibility is that N is associated with the tendency to translate the anhedonia and low energy that characterizes low state PA into physical symptom terms. It is also noteworthy that both PA and some physical states (e.g., fatigue) have been found to vary along similar circadian patterns, possibly strengthening the association in momentary ratings (Watson, Wiese, Vaidya, & Tellegen, 1999) . Results of the current study suggest that the strength of these associations may vary with level of N.
Does Mood Mediate the Relation Between N and Symptoms or Do Symptoms Mediate the Relation Between N and Mood?
Data from the current study suggest that the relation between N and concurrent symptoms is not mediated by NA or PA. These findings do not, of course, negate what appear to be reliable mediational effects of state NA on the relation between N and recall of symptoms; that is, individuals high in N recall experiencing more past symptoms, in part, because they are experiencing higher levels of NA at the time of recall (Williams & Wiebe, 2000) .
The current data do suggest, however, that symptoms may mediate the relation between N and NA. This is consistent with the general notion that the high levels of state NA among high-N individuals may be due to selective attention to negative self-relevant information, which presumably includes perceived physical symptoms. The anxiety-related dispositions (including N) have been characterized in terms of Gray's (1987) model of behavioral motivation. Specifically, N may be related to an enhanced Behavioral Inhibition System (BIS), which involves heightened sensitivity to punishment cues (e.g., Carver, Sutton, & Scheier, 2000; Matthews & Gilliland, 1999) . This model suggests that higher levels of state affect among individuals high in anxiety-related dispositions may derive from selective attention and enhanced reactivity to signs of impending threat (see Watson et al., 1999 , for a discussion of NA and the BIS). Along these lines, physical symptoms might be considered negative self-relevant information, a proposal that could be tested directly using experimental informationprocessing paradigms.
Is the Relationship Between Objective Physical Status and Symptoms Stronger for High-N Individuals?
One issue that has been difficult to resolve in prior personality and health research is the extent to which higher symptom reports among high-N individuals reflect underlying pathophysiological processes or are merely the perception of benign physical changes. In the current research, there was no evidence that the relation between BG levels and symptoms reports was stronger for high-N individuals. Similarly, N did not moderate the relation between BG and state NA or PA. Of interest, however, individuals high in N were more likely to believe their emotions and BG were related compared to low-N participants, although the ambiguity of this rating prevents conclusions about the direction of this relation.
Is N Related to Systematic Biases in the Accuracy of Perceived Physical Changes?
The use of individuals with type 2 diabetes in the current study offered an opportunity to examine the effects of N on accuracy of perceiving underlying physical changes. Results indicated that high-N individuals routinely overestimated their BG levels. This effect was demonstrated above and beyond the effects of state affect on accuracy. Thus, whereas their symptom reports and state affect were not more related to underlying BG levels compared to low-N individuals, participants high in N tended to believe their BG was higher than testing revealed it to be.
Study Limitations
Although participants in the current study had personality scores comparable to normative values (see Lane et al., 2000) and there are the aforementioned advantages to examining personality-health relations in individuals with diabetes, the findings should be replicated with other populations. Because diabetes is characterized by an endocrine dysfunction that may interface with perception of both mood states and physical states, generalization to other populations should be made cautiously. Moreover, participants in the current study were responding to advertising for a study on stress management and diabetes education. Although care was taken to sample across the range of key variables (e.g., potential participants were screened using the trait scale of the Spielberger State-Trait Anxiety Inventory; Spielberger, 1983) , it is possible that respondents might have differed from the general population in their perception of mood states and/or physical symptoms. Indeed, the zero-order association between aggregated state NA and symptoms in the current sample is somewhat higher than has been previously reported.
In addition, the act of monitoring itself is likely to alter relations among variables and there may be learning effects that may not naturally occur without self-monitoring. Thus, whereas experience-sampling methodologies have superior external validity compared to single assessment or experimental studies, there may still be problems generalizing such research to symptom perception processes as they naturally occur.
Finally, the mediational regression analyses presented are all with concurrent data, which is a departure from traditional notions of establishing causation. Although previous research has demonstrated that N is related to lagged effects of mood (i.e. "affective inertia"; Suls et al., 1998) , of primary interest in the current study were the effects of N on mood and symptoms as they cooccurred in momentary assessments. We sought to examine which patterns of mediation best fit the data. Establishing causal patterns between processes that occur in rapid succession, as is the hypothesized case for relations between mood and symptom perception, is a methodological challenge. Future research that manipulates these variables in controlled laboratory settings may offer the best opportunity to definitively establish patterns of causation.
Conclusions
Results of the current study support the supposition that individuals high in N have health that is comparable to low-N individuals but may have either a lower threshold for labeling sensations as symptoms or tend to misattribute nondisease-related phenomena to pathology. High-N participants reported more symptoms than low-N individuals, but this did not appear to be related to underlying BG levels. Because most diabetes-related symptoms are subjective (vs. concrete, observable), the current findings do not rule out the possibility that high-N individuals do experience more vague symptoms, perhaps due to enhanced neuroendocrine activity, as recently suggested by Rabin et al. (2001) .
The current study illustrates the pitfalls of using data that are aggregated across time points to investigate interactive effects of between-person and within-person variables. As Schwartz and Stone (1998) note, analyses that ignore sampling at the person level are biased toward rejecting the null hypothesis. In the current study, several significant interaction effects were found in analyses using aggregated data that were not evident in multilevel modeling analyses.
What are the implications of these findings for the relation between N and actual health? Ultimately, health and personality research seeks to understand the nature of the relation between personality factors and both perceived and actual health, as well as the mechanisms by which these relations occur. As we have outlined elsewhere (Lane et al., 2000) , N was reliably associated with better glycemic control (e.g., glycated hemoglobin) in the current sample. This finding raises the possibility that N may be associated with beneficial self-regulatory behavior in some health contexts. Cameron et al. (1998) recently made similar conclusions regarding findings that among breast cancer patients, high trait anxiety was related to higher rates of breast self-examination in response to perceived risk-related symptoms. Thus, distress in response to perceived symptoms may be a motivating factor toward health relevant behavior. These findings, however, must be reconciled with research indicating that the anxiety-related dispositions are related to poorer objective health (e.g., immune functioning; Marsland, Cohen, Rabin, & Manuck, 2001) or unrelated to objective health (e.g., Watson & Pennebaker, 1989) . Although speculative, it may be that the effects N on symptom perception and health self-reg-ulatory behavior depend on the salience of the health threat. In sum, the current study, in conjunction with other recent research, suggests a complex relationship between N and both self-assessed and objective health. Clearly, a picture is emerging that suggests that N is not merely a confound to be statistically controlled in health research but an important factor in its own right as it relates to self-assessed health, health behavior, and disease outcomes. NOTES 1. Participants were allowed to check their blood glucose (BG) via the glucometer, if they felt the need, at times other than the specified monitoring times. Thus, there were some glucometer readings that did not have corresponding mood and symptom ratings.
2. We compared compound symmetry, Toeplitz, and unstructured error structures because they seemed most defensible given that time of day of daily reports was not consistent across participants or days (D. Hedeker, personal communication, December 4, 1999) . Schwarz' Bayesian Criterion (SBC) and Aikike's Information Criterion (AIC) were used to compare the nested models (see Singer, 1998) . To this end, nested model comparisons suggested the use of a Toeplitz 2 error structure for all tested models.
3. Although previous research suggests that BG levels are related to perceived symptoms, the nature of the relationship is highly idiosyncratic. That is, each individual with diabetes may have very different symptoms related to high or low BG levels (Cox et al., 1985) . Thus, the use of an item mean across 18 different symptoms in these analyses likely obscured significant relations between frequency of some symptoms and BG levels for individual participants.
